We examine the impact and possible spillovers effects of unanticipated monetary policy on international bond returns. First, we decompose international bond returns into news regarding future returns, real interest rates and future inflation in the spirit of Campbell and Ammer (1993) for Germany, the UK and the US. We next assess how excess bond returns in these three countries are affected by surprise changes in monetary policy in each country. Our measure of the unanticipated element of monetary policy is based on futures markets rather than the more traditional vector autoregression. Our results indicate that excess bond returns primarily react to domestic as compared to foreign monetary policy surprises. We also find there is a strong divergence between the effects of domestic monetary on excess bond returns in Germany relative to the UK with a surprise monetary tightening in former(latter) leading to a rise(fall) in the excess holding period return and this appears to be driven by news regarding lower(higher) inflation expectations and could be potentially rationalised by differences in the credibility of the monetary policy authority in each country.
Introduction
The last decade has witnessed the primacy of monetary policy as the main tool used by policymakers in the stabilisation of inflation and output. Concomitently, commentators and analysts appear to pay close attention to changes in policy rates in the belief that such changes, particularly unexpected changes, can influence asset market returns. However, neither policymakers nor academics fully understand how monetary policy affects the economy. In recent years, an increasing amount of attention has been paid to the qualitative and quantitative impact of monetary policy changes on other asset prices such as interest rates and stock returns. Christiansen (2006) investigates the impact of global and regional spillovers in bond and equity markets and uncovers significant spillovers from both global (US) and regional (EU) markets into domestic markets and that the introduction of the Euro has typically strengthened regional effects. While there has also been an increasing number of event studies examining the influence of both domestic and foreign news on domestic and foreign assets, e.g., Andersen et al (2003) , Faust et al (2005) , Ehrmann and Fratscher (2004b) and Connolly and Wang (2003) .
It is within this context that we seek to investigate the international transmission of monetary policy in terms of its impact on international bond markets. The price of a bond is a function of the discounted stream of future coupon payments and the redemption value of the bond. Campbell and Ammer (1993) advanced an approach to decompose news regarding current excess bond returns into revisions in expectations of future excess returns, inflation and real rates. 1 In this study, we focus on the German, UK and US long-term bond 1 Engsted and Tanggaard (2006) have recently applied this decomposition to US and German bond 1 markets and conduct a decompostion of each respective country's bond returns based on the Campbell and Ammer (1993) decomposition while permitting returns in each country to affect one another.
Given the pivotal role of monetary policy in determining bond returns we next seek to characterize the impact of unanticipated domestic and foreign monetary policy changes on each country's bond returns and its components. A natural question is how important are domestic monetary surprises in determining domestic bond returns and are there spillovers from foreign monetary policy to domestic returns? For example, it is frequently argued that US monetary policy drives world bond returns and thus our study seeks to shed light on this view. Related evidence suggests that for example, German bond returns respond more to US macro news than domestic or other Euro area news, see for example Goldberg and Leonard (2003) and Andersson, Hansen and Sebestyen (2006) . Greater financial market integration, the importance of the US to global growth and the earlier release (relative to the Euro area) of US macro announcements have been highlighted in the literature.
While it is natural to assume that a surprise tightening in monetary policy would lead to higher long-term rates, Ellingsen and Soderstrom (2001) have argued that the response of long rates to a surprise change in the policy rather is ambiguous. In particular, they suggest that long rates will rise when the change in monetary policy reveals information regarding the economy but if the monetary action reveals changes in the central bank's preferences then short rates and long rates may move in opposite directions. Thornton (1998) has also argued that a tightening of monetary policy may lower inflation expectations.
Bearing this in mind a critical feature of our paper in contrast to previous research, that have simply examined how long-term interest rates respond to monetary policy surprises see for example Kuttner (2001) The rationale behind such contrasting responses becomes clearer when one breaks down news regarding excess bonds returns into its components, i.e. revisions in news regarding future excess returns, future real interest rates and future inflation, and assess how these components are affected by unanticipated monetary policy. In particular, a surprise tightening of monetary policy in Germany(UK) leads to a statistically significant revision in inflation expectations downwards(upwards) and this appears primarily responsible for the differing response of bond returns in each respective country. Such contrasting responses of inflation expectations to a tightening of monetary policy could be potentially rationalized by differences in the credibility of the monetary policy authority in respective countries(area).
In particular, the Bundesbank has traditionally been viewed as a strong fighter of inflation while the Bank of England less so. Finally, we find little role for monetary policy spillovers, i.e., surprise changes in monetary policy in one country(area) doesn't appear to affect news regarding excess bond returns in other countries.
The outline of the rest of the paper is as follows. In section 2, we discuss the CampbellAmmer methodology associated with the variance decomposition of excess bond returns while in section 3 we outline how we measure monetary policy surprises and how we seek to assess their impact on news regarding current excess bond returns and their respective components. In section 4, we outline the data used and discuss the results from the variance decomposition as well as the impact of monetary policy surprises. Finally section 6 provides a brief conclusion.
Identification of Monetary Policy
There are a number of methodological issues that need to be addressed in studying the influence of monetary policy changes on bond market returns. These can be grouped into three main areas 1) endogeneity, 2) omitted variable bias and 3) deriving a measure of the surprise component of a policy rate change. We will address each of these in turn.
The appropriate identification of policy changes can be most clearly seen in early studies assessing the impact of changes in the money supply on asset prices. Changes in this measure could equally reflect changes in money demand or money supply, e.g., is the announcement of a change in M1 truly exogenous? A failure to properly identify monetary supply changes has led some researchers to find counter intuitive results. 2 The issue of identification becomes somewhat more subtle when one focuses on short term rates as the central bank's main policy variable. In particular, a researcher wishing to isolate the influence of a change in the policy rate on asset prices needs also to be aware that causation may run in the opposite direction, with changes in asset prices leading the monetary authority to change policy rates. Rigobon and Sack (2003) attempt to control for this possibility. future excess returns. The forecasting VAR adopted by Campbell and Ammer (1993) is based on using zero coupon bonds. Engsted and Tanggaard (2001) show how this needs to be modified when working with coupon paying bonds and their approach is adopted here.
The excess holding period return on a coupon paying bond is written as;
where x t+1 is the nominal one period log gross bond return from t to t+1 in excess of the continuously compounded nominal one period interest rate, π t+1 and r t+1 is respectively the inflation rate and one period log real interest rate from t to t+1.
Equation (2) is a dynamic accounting identity and will hold exactly. 3 A forecasting VAR will be adopted to proxy the components in the above decomposition. However, only three of the four variables in equation (2) are required to be estimated, with the remaining variable being equivalent to the residual. Consistent with previous studies we adopt a linear VAR that includes the excess holding period return and the real interest rate. Other variables can be included that are useful in forecasting the two variables of interest.
Suppose the forecasting vector autoregression (VAR) can be represented as;
where A is the coefficent matrix from the VAR, z consists of both a measure of the excess holding period return on a long bond and the real short-term interest rate. Consistent with Engsted and Tanggaard (2006) we also include the spread between the long-term bond yield and short-term interest rate as a forecasting variable, while ω t+1 is the vector of error terms. In our estimation we focus on three countries, Germany, the UK and US and hence include the respective variables for excess returns x us t , x
where i = US, UK and Germany, f i 1 and f i 1 are appropriate selection matrices. A proxy for news regarding future inflation in each country can be calculated as
One can further decompose the variance of news regarding excess returns by taking the variance of both sides of equation (2). Having derived series for the news regarding the excess holding period return and its constituent components we next seek to take account of possible effects of international monetary policy shocks on each of these variables.
Monetary Policy Surprise
If bond prices reflect the discounted stream of future cash flows, then a surprise change in the policy rate can affect current excess returns by either changing expectations regarding future inflation, real rates or excess bond returns. Using a market derived surprise to domestic and international monetary policy, we seek to identify the impact that the respective surprise has on each of the factors. Bernanke and Kuttner (2005) analyse the impact of monetary surprises on revisions in expected excess stock returns by including the surprise element in monetary policy as an exogenous variable in the forecasting VAR;
where the coefficients represented by the vector φ capture the contemporaneous response of the elements in z t+1 to the unanticipated changes in monetary policy. The new disturbance term is orthogonal by construction to the surprise in monetary policy. Consistent estimates of both A and φ can be obtained by first estimating the VAR in equation (6) and then regressing the one-step ahead forecast errors on the monetary surprise. The advantage of the two step procedure is that it permits us to estimate the VAR dynamics over a longer period than our measure of the monetary surprise. A similar approach has also been adopted by Faust et al (2004) . 4 4 We could alternatively have included the shock in the monetary policy rate in the forecasting VAR.
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We are now in a position to calculate the impact of the monetary surprise on each of the discounted sums of expected future excess returns, real rates and inflation. Previously, we saw that news regarding future excess holding period returns for each country could be written asx
and incorporating the surprise element of policy rate changes implies
Hence, the response of the present value of expected future excess returns, future real interest rates and future inflation to policy surprises is given as;
We isolate the impact of domestic and foreign monetary policy shocks on each of these factors with the intention of identifying likely reasons for co-movement between international bond returns.
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4 Data and Empirical Results
Data
The data is monthly and the sample period for the underlying VAR runs from January 1975 to December 2004 and is taken from both the IFS and Datastream. The variables for the three countries included in the VAR are excess returns on bonds, the real short-term interest rate and the spread between the long-term bond yield and the short rate. Using long term government bond yields for the US, UK and Germany, the respective excess holding period return is calculated as the log of the one-month holding period return, b t+1 , minus the continuously compounded short rate. 5 The holding period return, b t+1 , is defined as y t -ρy t+1 + k, where y is the log yield on a long bond, while ρ = exp(−Ȳ ),Ȳ is the mean nominal yield over the sample. 6 .
The short-term real interest rate is the nominal short rate less the monthly inflation rate while the spread is defined as (1 − ρ i )y i t − q i t−1 , where q i t is the continuously compounded nominal short-term interest rate in country i. The variables chosen here are consistent with those used by Engsted and Tanggaard (2006) . 7 Our definition of the monetary surprise for the US follows that of Bernanke and Kuttner (2005) . More specifically, in the US, the Federal Reserve targets the federal funds rate(an interbank wholesale rate) while the federal funds futures contract is a contract that pays out based on the average level of the federal funds rate and hence can be used to gauge market expectations regarding the expected level of the US policy rate.
Based on this, Bernanke and Kuttner (2005) propose the following measure of the unanticipated element of monetary policy for month t (10) where the value of the one-month ahead futures contract on the last day of the previous month f 1 t−1 is subtracted from the average level of the fed funds rate for the current month
The derivation of the holding period return is based on a log linearization for an underlying coupon paying bond and was initially put forward by Shiller and Beltratti (1993) and has also been used by Engsted and Tanggaard (2006). 6 k is a constant based on the log linearization and is equal to −ρ ln(ρ) − (1 − ρ) ln(1 − ρ). 7 We tested the lag length in the VAR using the standard information criteria, Akaike information (AIC)
and Schwartz Bayesian (SBC), and found they suggested a lag length of one.
For both the UK and German(Euro area), there are no equivalent futures market instruments that tracks the UK or the German(Euro area) policy rate. However, there are interest rate futures contracts that can act as close substitutes since they are likely to be strongly influenced by current expectations of future policy rates. Our proxy for the unanticipated change in the German policy rate between 1989 and 1998 is the one-month change in the 3-month Euromark futures rate. With the introduction of the euro in January 1999, we proxy surprise changes in the ECB policy rate by the one-month change in the threemonth Euribor futures rate. Bernoth and Von Hagen (2004) find that the three-month Euribor futures rate is an unbiased predictor of Euro area policy rate changes. 8 For the UK, the policy rate is the two-week repo rate. Our proxy for the unexpected change in the policy rate is the one-month change in the 3-month sterling futures contract. This is one of the instruments used by the Bank of England to infer market expectations about the likely course of monetary policy, see (13) .
One concern with using futures rates of a longer maturity than the policy rate, i.e.,
for the UK we use the three-month sterling futures contract when the policy instrument is the two-week repo rate, is that changes in the former may reflect changes that the market anticipates in the future and not in the immediate horizon. However, Rigobon and Sack (2004) argue that a longer maturity forward contract is more likely to catch a genuine surprise element in the policy rate change rather than a change in timing, i.e., markets are more likely to react to a surprise change in the policy rate relative to when markets had factored in a policy rate change but simply got the timing wrong. In the case of the UK we concentrate on a post exchange rate mechanism (ERM) currency crisis, while for Germany the analysis is carried out for a post unification sample. 10 
Empirical Results

Variance Decomposition
The VAR estimates are reported for the complete sample in table 1. The VAR includes the excess return on bonds, the real short-term interest rate and the spread between the long-term bond yield and the short rate for the US, Germany and the UK.
Our results are consistent with the anecdotal evidence and the limited empirical evidence that unidirectional spillovers are evident from the US to both the UK and the German bond market. As well as the domestic market, US excess returns has a large influence on German returns in particular. The influence of the US is considerably greater for the German bond market, than is the case for the UK. 11 This result is consistent with recent work by Engsted and Tanggaard (2006) , although the authors focus solely on the US and German bond markets. As can be seen a somewhat unexpected result is that German excess returns has a small yet statistically significant (negative) effect on US returns. However, consistent with the previous work, US excess returns are dominated by domestic influences.
Finally, US variables represent consistently good predictors for both German and UK yield spreads, while the German spread has a small negative influence internationally. 12 In table 2, we report the result for the case the US, German and the UK variance 10 A number of sensitivity tests have been carried out in relation to the sample specifically and these are discussed later in the paper. 11 US real rates have particularly high influence on UK real rates, even taking into account the impact of lagged UK real rates. 12 The German yield spread is significant at 5% for the case of the UK and 10% for the US.
who consider US and German bond returns. As can be seen from table 2, the dominant influence of the inflation factor is also driving its respective covariance term's, although none are statistically significant. We further find theoretically appealing results in relation to the sign of the covariance between real rates and news about inflation, although not statistically significant. Our variance decomposition for the three country bond market case is consistent with previous studies that have adopted a bilateral perspective, namely
Campbell and Ammer (1993) and Engsted and Tanggaard (2006).
Monetary Policy Surprises
Next we seek to assess the impact of surprise changes in monetary policy on revisions in expectations regarding excess bond returns and their constituent components for each country based on equations (7) to (9) and these results are reported in 
Note:
The table reports the coefficient estimates and their standard errors (in parenthesis) for a three country (US, UK and Germany) VAR which includes the following variables; excess returns, the real short rate and the spread between the long-term bond yield and the short rate. 
The table reports results from the variance decomposition of revision in expectations about current bond return e y , future bond returnsẽ y , real interest ratesẽ r , and future inflatioñ e y . The numbers in parenthesis contain t-statistics which use the bootstrap simulation (10,000 runs). 
UK surprise defined as one month change in 3 month sterling Libor contract.
